Post-stroke depression (PSD) is the most prevalent psychiatric complication of acute ischemic stroke. The neutrophil-to-lymphocyte ratio (NLR) and the platelet-to-lymphocyte ratio (PLR) are indicators of inflammation and are associated with stroke and depression. Therefore, the purpose of the present study was to examine the relationship between NLR/PLR and PSD. Retrospective analysis was carried out in 376 patients with first-ever acute ischemic stroke in the First Affiliated Yijishan Hospital of Wannan Medical College between March 2015 and September 2017. Patients were divided into PSD (n=104; 27.7%) and non-PSD (n=272; 72.3%) groups according to the Diagnostic and Statistical Manual of Mental Disorders-IV criteria at 6 months after stroke. Clinical data were collected retrospectively. NLR and PLR were acquired retrospectively from the routine blood tests performed at admission. A total of 120 healthy volunteers from the physical examination center in the First Affiliated Yijishan Hospital of Wannan Medical College were recruited as controls. Using logistic regression analysis, NLR (≥4.02) and PLR (≥203.74) were independently associated with PSD. NLR, odds ratio (OR) 3.926, 95% confidence intervals (CI, 2.365-7.947), P<0.001; PLR, OR 3.853, 95% CI (2.214-6.632), P=0.002. The ability of the combined index [area under the receiver operating characteristic curve, 0.701; 95% CI (0.622-0.780); P<0.001] to diagnose PSD was greater than that of either ratio alone. Higher NLRs and PLRs (≥4th quartile) were associated with PSD with a 5.79-fold (P<0.001) increase compared with lower levels of both. Higher NLRs and PLRs were found to be associated with depression 6 months after stroke, and the combined index was more meaningful than either alone in the early clinical detection of PSD.
Introduction
Post-stroke depression (PSD) is one of the most prevalent psychiatric disorders following strokes, and affects nearly a third of the survivors during the first 5 years after the stroke (1) . The occurrence of PSD is associated with negative clinical outcomes, including impaired cognition and delayed recovery of neurological functions. Furthermore, PSD acts as a prominent barrier to stroke rehabilitation and has been related to a reduced quality of life as well as an increasing risk of stroke recurrence and mortality (2) . Thus, early diagnosis as well as efficient management of PSD must be a priority in clinical stroke rehabilitation.
Extensive investigations have suggested that inflammation plays an important role in acute ischemic stroke and depression by stimulating various pro-inflammatory markers, where the subsequent inflammation has been demonstrated to be involved in the development of PSD (3, 4) . Acute ischemic stroke has been demonstrated to induce the inflammatory response accompanied by a significant increase in the expression levels of inflammatory and pro-inflammatory cytokines markers, such as interleukin (IL)-1β, IL-1α, tumor necrosis factor (TNF)-α, IL-6, IL-8 and soluble TNF receptor 1 in the plasma, which are frequently found in the acute phase of stroke (5) . Pro-inflammatory cytokines induce an inflammatory cascade reaction (6) and the expression of inflammatory related cytokines are strongly related with larger infarct sizes and a poorer prognosis for stroke patients (7) .
Previous studies have shown that low-grade inflammation plays a critical role in the development of depression (8) . Antidepressants may moderately improve depressive symptoms by reducing the levels of pro-inflammatory cytokines and increase the production of anti-inflammatory cytokines (9) . Inflammatory mediators have been found to interact with key biological systems in depression (10) , including altering neurotransmitter metabolism, neuroendocrine function, neural plasticity and the levels of reactive oxygen species. Similarly, a cohort study showed that the serum levels of IL-6, IL-10, TNF-α and IFN-γ were significantly higher in the PSD cohort compared to the non-PSD cohort (11) . Furthermore, a recent study found that the coexistence of higher homocysteine and C-reactive protein (CRP) expression levels were independent risk factors for PSD (12) .
In recent years, the neutrophil-to-lymphocyte ratio (NLR) and platelet-to-lymphocyte ratio (PLR) have emerged as well-accepted biomarkers for the assessment of overall inflammatory status. The NLR and PLR are simple and cost-effective biomarkers that can be easily derived from blood during routine examinations (13) . Elevated levels of NLR and PLR have been found to be related with oxidative stress and increased cytokine production in patients with depressive disorders (14) . Furthermore, the NLR and PLR are strongly related to the prognosis of infarction and thrombo-inflammatory state. The NLR has been used as an indicator to reflect the prevalence of intracranial atherosclerosis (15) and is considered to be an independent risk factor for ischemic stroke and a poorer prognosis (16) . Similarly, the PLR has been used to predict poor prognoses, the rate of insufficient recanalization and the size of infarcted area following stroke (17) .
In addition to the inflammation and stroke, the NLR and PLR are also considered to be related to psychiatric disorders, especially depression. The NLR has been found to be increased in patients with major depression without antidepressant therapy; however, the NLR returned to normal levels after 3 months of Selective Serotonin Reuptake Inhibitor treatment (18) . Moreover, the PLR in patients with major depression has also been found to be increased (19) . Recent studies have suggested that the NLR or PLR are associated with PSD 1 month following stroke occurrence (20, 21) , which highlighted the relationship between early PSD and the inflammation index. However, there was not clear association between these indicators and 6-month PSD. To the best of the our knowledge, the present study is the first to explore the association between the NLR/PLR and PSD at 6 months. The aim of the present study was to examine the value of the NLR and PLR as joint indicators in the diagnosis of PSD. Whether the joint index has better diagnostic value than independence index is a valuable question which may improve the diagnosis of PSD.
Materials and methods
Study population. The present study was approved by the Ethics Committee of the First Affiliated Yijishan Hospital of Wannan Medical College. Written informed consents were signed by all participants or their relatives prior to their inclusion in the present study.
Retrospective analysis was carried out in 376 patients with first-ever acute ischemic stroke in Stroke Ward of the First Affiliated Yijishan Hospital of Wannan Medical College between March 2015 and September 2017. All of the enrolled patients met the World Health Organization Multinational Monitoring of Trends and Determinants in Cardiovascular Disease criteria defined for acute ischemic stroke (22) , and the diagnoses were verified by the results from computed tomography (CT) or magnetic resonance imaging (MRI) within 24 h after admission. The exclusion criteria for patients were: i) Patients with psychosis or other psychiatric conditions, including anxiety, depression and suicidal behavior;
ii) patients with central nervous system diseases including dementia, significant cognitive impairment or decreased level of consciousness; iii) patients with severe aphasia or dysarthria as well as visual or auditory impairments; iv) patients with metabolic abnormalities, tumors, significant acute inflammatory disease or other medical illness besides stroke; v) patients with hematological disorders; and vi) patients who were not followed-up or died during follow-up ( Fig. 1 ). The diagnosis of depression was based on the structured clinical interview for the Structured Clinical Interview For Diagnostic and Statistical Manual of Mental Disorders-IV technique (23) at 6 months, followed up by telephone consultation or outpatient clinic. The severity of depressive symptoms was quantified using the Hamilton Depression Scale (HAM-D) score (24) . Additionally, 120 healthy volunteers from the physical examination center in the First Affiliated Yijishan Hospital of Wannan Medical College were recruited between March 2015 and September 2017 as controls retrospectively.
Clinical measurement. Relevant clinical data were retrospectively collected from relevant medical records. Demographic data [such as age, sex, body mass index (BMI), and education level], history of conventional vascular risk factor (such as hypertension, diabetes mellitus, hypercholesterolemia and atrial fibrillation) and medical history (such smoking, alcohol consumption, previous infarctions and family history of strokes) were obtained. Stroke subtype was classified according to the Trial of Org 10172 in Acute Stroke Treatment criteria (25) . Stroke severity was evaluated by trained neurologists using the National Institutes of Health Stroke Scale (NIHSS) within 24 h of admission at baseline. Cognitive function was measured using Mini Mental State Examination (MMSE) on admission (26) . Functional outcomes were obtained using the modified Rankin Scale (mRS) at a 3-month follow-up. The data of CT/MRI, performed within 24 h after admission, were collected retrospectively in order to confirm diagnosis and assess the site, size and cause of the infarction. The NLR and PLR were all retrospectively obtained from the blood routine results at admission by calculating the ratios between neutrophil or platelets and lymphocytes in peripheral blood samples.
Statistical analyses.
Results are expressed as the mean ± SD or as the median (quartiles) for the continuous variables depending on whether the data were normally or not normally distributed, respectively. Categorical variables are presented as percentages. Proportions were compared using the χ 2 test, and Student's t-test and two-way ANOVA were employed for the normally distributed variables, while the Mann-Whitney U test was employed for the non-normally distributed variables. Spearman's rank correlation was used for bivariate correlations. The association between the NLR or PLR and the NIHSS score and HAM-D score were also assessed using linear regression models with multivariate adjustments for possible confounders; the NLR and PLR were dichotomized using a median split. The influence of the NLR/PLR separately or jointly on PSD was examined using binary logistic regression analyses, resulting in odds ratios (ORs) and 95% CI. Multiple-adjusted logistic regression models were also used, allowing for the adjustment for potential confounding factors.
A receiver operating characteristic curve analysis was used to identify the cutoff points for the NLR and PLR levels at admission with the greatest sensitivity and specificity to predict PSD at the 6-month follow-up. All statistical analyses were performed using SPSS for Windows (version 19.0; IBM Corp.). P<0.05 was considered to indicate a statistically significant difference.
Results
Clinical characteristics of study samples. Among all follow-up patients, 224 (59.57%) patients were male, and the average age was 61.37±10.34 years. In total, 104 (27.66%) patients were diagnosed with PSD at the end of 6 months follow-up. The basic characteristics of the 376 patients with and without PSD are presented in Table I .
Relationship between the NLR and PLR, and the stroke characteristics. The median value [interquartile range (IQR)] of NLR or PLR for all patients with stroke was significantly higher than that of the normal subjects, the NLR in patients and in healthy subjects was 2.87 (2.39-4.02) and 1.96 (1.54-2.57), respectively (P<0.001). The PLR in patients and in healthy subjects was 125.31 (103. .74) and 112.17 (87.36,142.3), respectively (P<0.001). Moreover, the NLR and PLR were observed to increase with the extent of damage caused by the stroke, as defined by the NIHSS score. There was a positive correlation observed between the NLR and the NIHSS score (r=0.289, P<0.001), and a similar correlation between the PLR and the NIHSS score (r=0.237, P<0.001). Similarly, Raised HAM-D scores at the 6-month follow up were also found to correspond with increased NLRs and PLRs (r=0.206, P=0.003; r=0.201, P=0.001, respectively). Additionally, when patient MRI data was available (n=261), a positive correlation was also observed between the infarct volume of patients as well as the NLRs (r=0.166, P=0.032). No correlation was observed between the PLR and the infarct volumes (P=0.071). There was a positive correlation between the lesion volumes and HAM-D scores (r=0.251, P<0.001).
NLRs, PLRs and PSD. Patients with PSD showed significantly higher NLR levels at admission than the ones without PSD The PSD group also had a lower average education level, higher BMI, a higher proportion of patients living alone, higher stroke severity and worse cognition. However, there was no association between lesion location, etiological subtype, functional outcomes according to mRS as well as vascular risk factors and PSD.
The quartiles of NLR and PLR values in the PSD group were observed to have a significant difference from those in the non-PSD group (P<0.0001) (Table II) . The PSD distribution across the NLR quartiles ranged between 10.58-49.04% between the first and fourth quartile, respectively (Fig. 2) . The corresponding distribution for PLR was 11.54-50.96% between the first and fourth quartile, respectively (Fig. 2) .
In data [OR 3.926, 95% CI (2.365-7.947), P<0.001] and the PLR [OR 3.853, 95% CI (2.214-6.632), P=0.002] were significantly associated with PSD ( Fig. 3) . Moreover, age, BMI, widowhood and NIHSS score were associated with PSD.
With an area under the curve (AUC) of 0.726 (95% CI, 0.643-0.809), the NLR showed a greater discriminatory ability to predict PSD than the PLR [AUC 0.701, 95% CI (0.622-0.780); P<0.001] (Fig. 4) . Furthermore, the PLR improved the ability of NLR to diagnose PSD [AUC of the combined model 0.751, 95% CI (0.675-0.827); P<0.001] (Fig. 4) .
The lower level of both the NLR and the PLR (both <quartile 4) were used as a reference, and the group with higher levels of both NLR and PLR (≥quartile 4; NLR ≥4.02 and PLR ≥203.74) was used to predict PSD with an OR of 5.79 (95% CI, 3.03-9.45; P<0.001) compared with the group with lower levels of both factors (<quartile 4) after adjustment for multiple confounding factors (age, BMI, widowhood, NIHSS score, MMSE score, vascular risk factors and the type of stroke etiology). This showed that higher levels of both NLR and PLR (≥quartile 4; NLR ≥4.02 and PLR ≥203.74) exhibited superior predictive value in evaluating the risk of PSD compared with lower levels of both factors.
Discussion
Although previous studies have analyzed the significance of the NLR or the PLR in predicting 1 month PSD, the current study paper included these two common inflammatory indicators and analyzed their respective and combined abilities to predict PSD 6 months after stroke. It was found that high NLRs and PLRs were strongly associated with the risk of PSD at 6 months after the adjustment by variables, and it was also found that the ability of the combined index to diagnose PSD was greater than that of either of the inflammatory indicators alone. Higher NLRs and PLRs, ≥quartile 4, was associated with PSD at a 5.79-fold (P<0.001) increase compared with the lower levels of both ratios. The combined index was much more meaningful than the independent indexes in the early clinical detection of PSD. This present study combined the two common indicators and found that the combined forecasting ability was stronger than the single forecasting ability. It is believed that the NLR and PLR may be readily available prognostic markers for PSD.
A number of studies have reported that NLR is associated with the poor prognosis for ischemic diseases (27) . Previous studies have demonstrated that increased neutrophils, a high number of which have been found atherosclerotic plaques at various stages of atherosclerosis, may damage endothelial cells, and they. Chronic inflammation represented by NLR was also reported to be associated with a number of vascular risk factors, including hypertension, diabetes and hyperlipidemia (28, 29) . During infarction progression, neutrophils appear to be the first leukocytes to reach the ischemic brain, and in turn activate the inflammatory process (30) . Furthermore, once they have reached the site of injury, the highest levels of pro-inflammatory cytokines and biomarkers of inflammation coincide with the largest recruitment and activation of neutrophils (31) . The release of these inflammatory cytokines further amplifies the immune cascade, leading to cellular dysfunction and the production of reactive oxygen species. Inflammation changes the function of the intracranial neuroendocrine, and at the same time reduces the synthesis and secretion of monoamine neurotransmitters, leading to the development of PSD (32) . Meanwhile, Lymphocytes are an immune cell related to regulation and protection. The decrease of lymphocyte numbers, reflects the pathological stress state of the body, thus a low count indicates a poor prognosis (33) .
Increasing evidence has shown that inflammation is involved in the etiology of depression. There are a number of cytokines which are believed to have a large impact on the development and progression of depression, including inflammatory and pro-inflammatory cytokines as well as cytokines produced by the hypothalamic-pituitary-adrenal (HPA) axis (34) . The excess production of these cytokines in patients with depression, may affect neurotransmission through the overactivation of the HPA axis (35) . It has also been shown that major depressive disorder is affected by excessive oxidative stress. Both the NLR and PLR have been shown to demonstrate the degree of inflammation, and are also relatively inexpensive and easy to measure in the clinic (36) (37) (38) (39) . As such, raised NLRs and PLRs have also been shown to be associated with increased cytokine production and oxidative stress and have been used to measure the systemic inflammatory response. Furthermore, an increased NLR and dysfunctional platelets have also been linked to patients with psychiatric disorders including depression (18, (40) (41) (42) .
Platelets can act as an inflammatory indicator, and higher platelet activation serves as a predictor of inflammation. Activated platelets play an important role in psychiatric disorders, including depression (43, 44) , and high levels are considered to be a risk factor for an increased incidence of cardiovascular and cerebrovascular diseases (45) . The activation of platelets, mediated by a number of inflammatory factors, including cytokines, serotonin, glutamate, dopamine and P-selectin, serves an important role in psychiatric disorders (46) . In particular, serotonin has been previously reported to be involved in the activation of plasma platelets and accelerate aggregation (47) . Meanwhile, activated platelets participate in the regulation of the permeability of endothelial cells and recruitment of mononuclear cell through the release of pro-inflammatory factors. Depression is a result of platelet activation, which is potentiated by elevated serotonin and epinephrine levels (48) . There are high levels of serotonin and glutamate in platelet dense granules, and serotonin receptors (5HT2A) and serotonin transporter (SERT) on the surface of platelets (49) . Inflammation induces platelet activation which is accompanied by the release of serotonin and glutamate. Pro-inflammatory factors which derive from activated platelets, take part in regulating and maintaining the inflammatory reaction, and are thought to play an important role in depression (50) .
The activation of platelets is not only considered to be a reciprocal causation of inflammation, but also closely related to infarction and mental disorders, especially depression (51). Previous studies have shown that there is a significant correlation between inflammatory responses and the development of atherosclerosis, platelet aggregation, plaque rupture and intravascular thrombosis (52) . Nemeroff and Musselmanl (53) demonstrated that platelet dysnfunction may increase the risk of a patient developing depression. Activated platelets may induce the formation of a thrombus in patients suffering from depression, and increased serotonin levels may further alter the functions of platelets in these patients (54) . It has previously been shown that an increased PLR is associated with severe major depression and that it may lead to psychotic symptoms (51) . Raised PLRs have also been associated with acute ishemic stroke patients (55) . Both of these results are consistent with the findings of the current study, further highlighting that PSD patients have raised PLR levels when compared to non-PSD patients. Therefore, as a stable inflammatory indicator, PLR, which reflects the inflammatory state of stroke and depression, can also be considered as an available prognostic marker for PSD.
There are some limitations with the present study. Firstly, this was a single-center retrospective study. Due to the limitations of the retrospective study, it was not possible to collect psychosocial factors associated with PSD. Secondly, some patients with severe aphasia or severe disease were unable to complete the follow-up were examinations and were thus excluded from the study, which may have introduced bias to the results. Thirdly, the NLR and PLR values were collected only once within 24 h on admission; however, there may be a dynamic change during the development of PSD. As such, it is necessary to pay attention to the correlation between the NLR and PLR changes at various time points after stroke and the prediction of PSD in prospective study.
Although the study had some limitations, the present study demonstrated the important relationship between the NLR\PLR on admission and PSD 6 months after stroke in south China in a Han population, which may be involved in the pathophysiological mechanisms behind PSD depression. Further multicenter prospective studies are needed to confirm the relationship between NLR\PLR and PSD, and to predict whether inhibiting the inflammatory response could prevent the occurrence of PSD.
